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Description 

[0001] The present invention relates generally to a re- 
cording apparatus and a reproducing apparatus for a re- 
cording medium using a novel data format. 
[0002] Recently, compact disks (CDS) have become 
highly popularized as recording media with high sound 
qualities. A compact disk is a disk-shaped recording me- 
dium having a diameter of approximately 12 cm, on 
which digital audio data is recorded, with a sampling fre- 
quency fs selected to be 44.1 kHz and a quantizing bit 
number selected to be 16 bits. 

[0003] Even more recently, various research has 
been performed so as to realize systems with higher 
sound qualities than those provided by the above-de- 
scribed CDS, which for the sake of easy explanation will 
be refened to as "the first generation CD", in connection 
with the development of various media having large 
storage capacities as well as high transfer rates. To re- 
alize such higher sound qualities, the first approach that 
was conceived is to increase the sampling frequency. 
[0004] That is, when a sampling frequency fs is equal 
to 44.1 kHz as In the first generation CD high-frequency 
components of the audio signal data would be limited to 
approximately 20 kHz. On the other hand, by setting the 
sampling frequency higher than 44.1 kHz audio data 
components higherthan 20kHz can be recorded in order 
that more naturally sounding audio signals are record- 
ed/reproduced. 

[0005] On the other hand, while it is possible to estab- 
lish a novel CD media system with a data format whose 
sampling frequency is set to be higher than that of the 
first generation CD, there are various practical problems 
in this proposed CD media system. 
[0006] Principally, even when the above-described 
CD media system with the novel format is realized, this 
novel CD media system should be compatible with the 
first generation CD in a practical sense. 
[0007] For instance, a reproducing apparatus corre- 
sponding to the novel system CD with a data format 
whose sampling frequency is made higher than that of 
the first generation CD should also be able to reproduce 
the first generation CD. In such a case where disk com- 
patibility is added to a reproducing apparatus, two sep- 
arate reproduclng-system circuits would at least be re- 
quired in the digital section of the system, that is, a de- 
coder and a D/A converter corresponding to the first 
generation CD would be required, and another decoder 
and D/A converter corresponding to the novel system 
CD would also be required. Moreover, separate clock 
generators would have to be separately employed in the 
respective reproducingsystem circuits. 
[0008] This approach would make the circuit arrange- 
ment of the reproducing apparatus more complex and 
larger in scale, as well as raise costs both of which would 
be unacceptable. 

[0009] A playback device with compatibility as de- 
scribed above has inevitably such structure as shown 



in Fig. 6. In Fig. 6, the disk that is mounted on the turn- 
table may be a first generation CD 1 a or a second gen- 
eration CD 1b. When the first generation CD 1a is 
mounted, a pickup 41 reads table of contents (TOC) in- 

5 formation on the inner periphery of the disk while the 
disk 1 is being rotated by a spindle motor 46. A disk dis- 
criminating unit 42 Judges whether the disk 1 is a first 
generation CD 1a or a second generation CD 1b based 
on the TOC information. 

10 [001 0] If the disk 1 1s a first generation CD 1 a, the disk 
discriminating unit 42 operates switches 51 and 52 to 
connect the output of each switch to the respective input 
terminal T1 . An oscillator 43 generates a master clock, 
signal CK1 having a prescribed frequency for process- 
's |ng the first generation CD 1a, the connection of the out- 
put of switch 51 to the input terminal T1 results in the 
supply of the master dock signal CK1 to a motor con- 
troller 45. The motor controller 45 generates the desired 
standard clock signal by frequency dividing the master 

20 clock signal CK1 , and using the standard clock signal, 
the motor controller 45 controls the spindle motor 46 so 
that the disk 1 is rotated at a constant linear velocity. In 
this example, the constant linear velocity is that pre- 
scribed for the first generation CD 1a. 

25 [001 1 ] The master dock signal CK1 generated by the 
oscillator 43 Is fed to a first generation CD decoder 47 
and a D/A converter 49 for the first generation CD. 
[001 2] The decoder 47 for the first generation CD ex- 
ercises RF processing, Eight- Fourteen demodulation, 

30 and error correction processing to the pit information 
read from the disk 1 a by the pickup 41 and outputs digital 
audio data having a sampling frequency fs of 44.1 kHz 
and a quantization number of 16 bits. 
[001 3] The digital audio data is converted to an analog 

35 audio signal by the D/A converter 49, and the analog 
audio signal is output at a terminal 53 through the input 
terminal T1 and the oulput of the switch 52. 
[001 4] When the second generation CD 1 b is mount- 
ed, the disk discriminating unit 42 judges whether the 

40 disk 1 is a second generation CD based on the TOC 
information, and the outputs of switches 51 and 52 are 
connected to the respective Input terminals T2. 
[001 5] An oscillator 44 generates a master clock sig- 
nal CK2 having a prescribed frequency for processing 

45 the second generation CD 1 b, and the connection of the 
output of switch 51 to the input terminal T2 results in the 
supply of the master clock signal CK2 to the motor con- 
troller 45. The motor controller 45 generates a desired 
standard clock by frequency dividing the master clock 

50 signal CK2, and using the standard clock signal the mo- 
tor controller 45 controls the spindle motor 46 so that 
the disk 1 is rotated at a constant linear velocity, which 
in this example is the constant linear velocity prescribed 
for the second generation CD 1b. 

55 [001 6] The master clock signal CK2 generated by the 
oscillator is fed to a decoder 48 for the second genera- 
tion CD and to a D/A converter 50. The decoder 48 for 
the second generation CD exercises RF processing, 
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Eight-Fourteen demodulation, and error correction 
processing to the pit Information read from the disk 1 by 
the pickup 41 and outputs digital audio data having a 
sampling frequency fs of 96 kHz and quantization 
number of 24 bits. 5 
[0017] The digital audio data is converted to an analog 
audio signal by a second D/A converter 50, and the an- 
alog audio signal is output at terminal 53 through the 
input terminal T2 and the output of the switch 52 as the 
playback output. 10 
[0018] In order to satisfy the compatibility requirement 
between the first generation CD 1 a and the second gen- 
eration CD 1b, the playback device is inevitably struc- 
tured as shown in Fig. 6, however, as seen from the 
above compatibility requirement such results in complex is 
circuit structure, large size, and expensive cost of the 
playback device, thus, this method is considered to be 
disadvantageous. The requirement of two sets of D/A 
converters, including peripheral devices of the D/A con- 
verter such as an amplifier and filter not shown in Fig. 2° 
6, is the largest cause of the complex circuit structure of 
the playback device. 

[0019] There is another problem on the CD manufac- 
turing side. For example, considering that both a novel 
type CD and a first generation CD were to be manuf ac- & 
tured from a certain music source, such as a master tape 
of a musical composition and the like, the audio signal 
derived from the master tape is digitized to produce dig- 
ital audio data for the novel type CD, while using, for 
instance, a sampling frequency of 96 kHz. 30 
[0020] As a result, the novel type CD with the high 
sound quality is realized, but the first generation CD 
manufactured at the same time with the novel type CD 
would have the difficulty that the digital data with a sam- 
pling frequency of 96 kHz must be converted into digital 35 
data with a sampling frequency of 44.1 kHz. At this time, 
the sound quality of the first generation CD would dete- 
riorate due to the jitter phenomenon caused by the sam- 
pling rate converting process. 

[0021] WO-A-93/07679 discloses a receiver using a 40 
Sigma-Delta modulator (AT modulator). The input sig- 
nal Is A/D converted by the modulator to a 1 -bit data 
stream and thereafter down-sampled to a 16-bit data 
stream. 

[0022] EP 0,499,295 A discloses a CD in which digital 45 
audio data is stored at the inner periphery and an FM- 
modulated video signal is stored at an outer periphery. 
[0023] The present invention has been made to alle- 
viate these problems and, therefore, has as an object to 
provide a novel type recording medium capable of hav- 50 
ing better compatibility with the first generation record- 
ing medium, and also a recording apparatus and a re- 
producing apparatus that can employ such a novel type 
recording medium. 

[0024] More specifically, as a recording medium ss 
wherein while a frequency n, where n is an integer, times 
44.1 kHz is used as a sampling frequency, a digitized 
audio signal is recorded thereon. This digitized audio 



signal is equal to 1 bit AZ-modulated signal. 
[0025] Accordingly, the present invention provides a 
recording apparatus for recording a first digital signal 
consisting of multi-bit data words sampled at a first sam- 
pling frequency to a first recording medium and a sec- 
ond digital signal consisting of 1 bit data words (data 
having a quantisation level of one bit) sampled at a sec- 
ond sampling frequency higher than the first sampling 
frequency to a second recording medium comprising: 

analog to digital converting means for converting an 
input analog signal to a one-bit data stream signal 
(a data stream having a quantisation level of one 
bit) at the second sampling frequency; 
down sampling and re-quantisatlon means for con- 
verting the one-bit data stream signal sampled at 
the second sampling frequency to a multi-bit digital 
signal sampled at the first sampling frequency; 
first recording signal processing means for profess- 
ing the multi-bit digital signal for recording; 
first recording means for recording the digital signal 
processed by the first signal processing means to 
the first recording medium; 

second recording signal processing means for 
processing the one-bit data stream signal for re- 
cording; and 

second recording means for recording the digital 
signal processed by the second signal processing 
means to the second recording medium. 

[0026] Further, the present invention provides repro- 
ducing apparatus as defined in claims B and 1 6. 
[0027] The present invention can be used for a re- 
cording medium for recording digital audio data whose 
sampling frequency is n, where n is an integer, times 
44.1 kHz, and also a recording apparatus and a repro- 
ducing apparatus corresponding to this recording medi- 
um. Since the sampling frequency is made higher than 
44.1 kHz, a higher sound quality can be realized. In par- 
ticular, since the recording data is A£-modulated with 
1 -bit quantization , the sampling frequency can be set to 
an even higher frequency, so that higher sound qualities 
can be sufficiently obtained. 

[0026] Moreover, since the sampling frequency is an 
Integer multiple of the 44.1 kHz employed In the pres- 
ently available CD system, better matching characteris- 
tics between the second generation CD system and the 
presently available CD system are obtained. Especially, 
considering the compatibility of the recording medium 
according to the present invention with the presently 
available recording medium, since the sampling fre- 
quency for the recording medium is a multiple integer of 
that for the presently available recording medium, com- 
patibility is realized with the present invention without 
an overly complex circuit arrangement for the reproduc- 
ing apparatus. Also, as a sampling rate converter is not 
required, there is no deterioration in sound qualities 
caused by jitter components. 
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[0029] Similarly, in the recording apparatus, since it 
too has good matching characteristics , and since Ifs 
sound quality is not deteriorated by jittering, both this 
recording medium and the presently available recording 
medium can be readily manufactured for the same s 
sound source. 

[0030] As a recording apparatus, there are provided 
digital audio signal producing means for digitizing an an- 
alog audio signal by using a sampling frequency n. 
where n is an integer, times 44. 1 kHz to produce a digital 
audio signal, and recording means capable of perform- 
ing preselected recording signal processing on the dig- 
ital audio signal produced by the digital audio signal pro- 
ducing means to thereby record the processed digital 
audio signal on a recording medium; Thus, the above- 
described new recording medium is capable of being 
produced. 

[0031] The recording apparatus Is further comprised 
of a filter means for performing a decimation process for 
reducing the sampling frequency by 1/n with respect to 
the digital audio signal produced by the digital audio sig- 
nal producing means, whereby a digital audio signal 
whose sampling frequency is 44.1 kHz is produced, and 
a second recording means capable of performing pre- 
determined recording signal processing of the digital au- 
dio signal obtained by the filter means to thereby record 
the processed digital audio signal onto a recording me- 
dium. As a consequence, the first generation recording 
medium whose sampling frequency Is 44:1 kHz may be 
manufactured without deterioration of the sound quality. 
[0032] As a reproducing apparatus, there are provid- 
ed clock generating means for generating aclock having 
a predetermined frequency, decoding means for ex- 
tracting a digital audio signal from information read out 
from a recording medium based upon a sampling fre- 
quency n times 44.1 kHz and employing the clock output 
from the clock generating means, and D/A converting 
means for converting the digital audio signal obtained 
from the decoding means into an analog signal. Thus, 
It Is possible to realize a reproducing apparatus corre- 
sponding to the above-described recording medium. 
[0033] The reproducing apparatus is further com- 
prised of dividing means for dividing the clock signal 
generated from the clock generating means into a sec- 
ond clock signal, and second decoding means for ex- 
tracting a digital audio signal from the information read 
out from the recording medium based on a sampling fre- 
quency of 44.1 kHz with employment of the second 
clock signal. Accordingly, the recording apparatus is 
made compatible with the first generation recording me- 
dium without a massive increase in the scale of the cir- 
cuit arrangement. 

[0034] In accordance with another aspect a sampling 
frequency conversion means for converting digital data 
having a first sampling frequency output from a first de- 
coding means for the first recording medium to the dig- 
ital data having the second sampling frequency is pro- 
vided. A D/A conversion means for operating on the out- 



put generated from a second decoding means for the 
second recording medium and on the output generated 
from the sampling frequency conversion means is pro- 
vided. 

[0035] More specifically, the D/A conversion means is 
provided as a conversion means for converting digital 
data having the second sampling frequency to the ana- 
log audio signal, and in respect of the decoded digital 
data having the first sampling frequency, the data having 
the first sampling frequency is converted to the data hav- 
ing the second sampling frequency, then, the data hav- 
ing the second sampling frequency is fed to D/A conver- 
sion means to convert the digital data to the analog sig- 
nal. 

[0036] The Invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which:- 

[0037] Fig. 1 is a block diagram showing a recording 
apparatus according to an embodiment of the present 
invention. 

[0038] Figs. 2A-2D are explanatory diagrams for ex- 
plaining a frequency spectrum of a signal at each oper- 
ating stage of recording apparatus according to the em- 
bodiment. 

[0039] Rg. 3 is a block diagram showing a reproduc- 
ing apparatus according to an embodiment of the 
present invention. 

[0040] Fig. 4 is a block diagram showing a reproduc- 
ing apparatus according to another embodiment of the 
present invention. 

[0041] Fig. 5 is a block diagram showing a reproduc- 
ing apparatus according to yet another embodiment of 
the present invention. 

[0042] Fig. 6 is a block diagram showing a reproduc- 
ing apparatus that was previously proposed. 
[0043] Referring now to Figs. 1 to 5, embodiments ac- 
cording to the present invention will be explained. 
[0044] As a recording medium in accordance with one 
embodiment of the present invention, a recording medi- 
um with a higher sound quality may be realized with re- 
spect to the first generation CD whose sampling fre- 
quency fs is equal to 44.1 kHz and whose quantizing bit 
number is selected to be 16 bits. A sampling frequency 
of this novel recording medium is selected to be 2.8224 
MHZ, typically fs is 44.1 kHz and 2.8224 MHZ is indicat- 
ed as 64fs hereinafter, which is 64 times the sampling 
frequency of the first generation CD. Furthermore, a dig- 
ital audio signal of this 64fs sampling frequency, which 
has been modulated by 1-bit A£ modulation, is em- 
ployed as a digital audio signal to be recorded. Such a 
recording medium (CD) will be referred to hereinafter as 
a second generation CD. The above-described second 
generation CD has a diameter of approximately 12 cm, 
the same as that of the first generation CD. 
[0045] The second generation CD has a diameter of 
12 cm, a disk thickness of 1 .2 mm, and a track pitch of 
0.74 urn. The laser wavelength is selected to be either 
650 mm or 635 nm. which is shorter than that for the 
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conventional or first generation, CD. Thus, the recording 
density of the second generation CD is increased to 4.7 
Gigabytes to achieve a higher density disk. 
[0046] Furthermore, another second generation CD 
has been proposed, in which the disk thickness of this 
second generation CD is subdivided into two thickness- 
es, that is, 0.6 mm and 0.6 mm, so that two recording 
layers are provided on one surface orthe disk. The track 
pitch is selected to be 0.74 um, so that the recording 
capacity of each recording layer is approximately 4.7 Gi- 
gabytes and, therefore, the entire recording capacity of 
this second generation CD becomes approximately 8.5 
Gigabytes in total. 

[0047] In addition to the above-explained disk having 
the two recording layers on one surface thereof, a still 
further second generation CD has been proposed, in 
which recording regions are formed on both surfaces of 
this disk which has a diameter of 1 2 cm and a disk thick- 
ness of 1 .2 mm, and the track pitch thereof is 0.74 urn. 
Accordingly, this double recording surface disk has a re- 
cording capacity of 9.4 Gigabytes in total. 
[0048] As to the 1-bit AX-modulated signal, a sam- 
pling frequency thereof may be set to achieve consider- 
ably higher values of data capacity and data transfer 
rate as compared with conventional PCM-modulated 
signals. Therefore, in accordance with this embodiment 
of the present invention, while the sampling frequency 
is selected to be 64 fs, it is possible that audio data con- 
taining a high frequency component up to 1 .4 MHZ may 
be recorded/reproduced. As a result, it is possible to pro- 
vide a second generation CD whose sound qualities are 
extremefy improved compared with those of the first 
generation CD. 

[0049] Also, since the sampling frequency of the sec- 
ond generation CD is an integer multiple of the sampling 
frequency of the first generation CD, this second gener- 
ation CD matches the first generation CD system and 
compatibility is maintained. 

[0050] First, a description will be made of a recording 
apparatus corresponding to this second generation CD 
with reference to Figs. 1 and 2A-2D. 
[0051] Fig. 1 1s a schematic block diagram of a record- 
ing apparatus that can be used in the manufacture of 
the second generation CD, as well as the first generation 
CD. 

[0052] An analog audio signal is fed in at input termi- 
nal 10 as an original audio signal derived from a master 
tape. A frequency spectrum of the analog audio signal 
is represented in Fig. 2A. 

[0053] This analog audio signal is converted into dig- 
ital data by a 1-bit A£ modulation A/D converter 11 . At 
this time, because the sampling frequency is selected 
to be 64 fs a digital audio signal with a 64 fs/1 -bit format 
is produced. A frequency spectrum of this 64 fs/1 -bit for- 
matted digital audio signal is shown in Fig. 2 B. In other 
words, in principle, audio data in a frequency range up 
to 32 fs may be digitized and substantially all signal com- 
ponents of the analog audio signal shown in Fig. 2A re- 



main as digital data. 

[0054] Also, quantizing noise components appear un- 
der a condition such that they are collected on a high 
frequency side of a frequency range due to the noise 
5 shaping function achieved in the A£ modulation. 

[0055] This 64 fs/1 -bit digital audio signal is supplied 
to a recording signal processing unit 17 so as to be di- 
rectly modulated to produce a recording signal. That is, 
the 64 fs/1 -bit signal is directly used as the digital audio 
data to be recorded. In the recording signal processing 
unit 17, for instance, an error correction code is added 
to the data and also a modulating process such as an 
Eight- Fourteen Modulation (EFM) for recording purpos- 
es is performed. Then, a signal corresponding to the ac- 
tual pit information to be formed on a disk Is produced 
as a recording signal by this recording signal processing 
unit 17. 

[0056] This recording signal Is supplied to a disk re- 
corder 18 so as to perform a recording operation based 
on the recording signal, namely, a pit forming operation 
for an original disk, so that an original CD comprising 
music software may be manufactured as the second 
generation CD 1b. From this original CD 1b manufac- 
tured in the above-described manner, a stamper (not 
shown) is fabricated, whereby large numbers of the sec- 
ond generation CD 1 b may be mass produced using the 
stamper. 

[0057] In the case where a first generation CD is also 
manufactured for. the same music software, the 64 fs/ 
1-bit signal from the AE-modulation 1 -bit A/D converter 
11 Is supplied to a first decimation filter 12 so as to be 
converted into 2fs (=88.2 kHz)/24-bit digital data. A fre- 
quency spectrum of the 2fs/24-bit digital data is shown 
in Fig. 2C. That is, since the sampling frequency Is re- 
duced to 2fs, a data component in a frequency range up 
to the frequency fs is left. 

[0056] This 2fs/24-bit digital data is filtered by a sec- 
ond decimation filter 13 to become fs(=44.1 kHz)/24-bit 
. digital data. A frequency spectrum of the fs/24-bit digital 
data is shown in Fig. 2D. A data component of a fre- 
quency range up to (1/2) fs remains. 
[0059] The sampling frequency Is set to 1/64 by way 
of these decimation filters 12 and 13. This process op- 
eration does not correspond to a so-called sampling rate 
conversion but, rather, is due to perfectly synchronized 
digital filters for performing the 64:1 decimation. Accord- 
ingly, there is no factor present to cause a jitter compo- 
nent. 

[0060] This fs/24-bit digital data from the decimation 
filter 13 is converted by a bit mapping unit 14 Into data 
whose quantizing bit number is 1 6 bits, which will then 
be supplied to a recording signal processing unit 15. In 
the recording signal processing unit 15, a preselected 
process operation such as adding an error correction 
code and performing Eight- Fourteen Modulation (EFM) 
is carried out on the fs/1 6-bit digital audio signal so as 
to thereby produce a recording signal. This recording 
signal is supplied to another disk recorder 1 6. Based on 
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this recording signal, the disk recorder 16 forms pits in 
an original disk, so that an original CD of the music soft- 
ware is formed as a first generation CD 1 a. A stamper 
(not shown) is fabricated from this original CD 1 a man- 
ufactured in this manner. Accordingly, the first genera- 
tion CD 1 a is then mass produced using the stamper. 
[0061] As described above, in accordance with the re- 
cording apparatus of Fig. 1 , the first generation CD 1 a 
and the second generation CD 1 b can be manufactured. 
Here, since the 64 fs/1 -bit digital audio data is directly 
employed as the recording signal for the second gener- 
ation CD, this second generation CD 1 b becomes a disk 
whose sound quality is considerably improved. 
[0062] Also, since the sampling frequency of the sec- 
ond generation Cd 1b is an integer multiple of that of the 
first generation CD, the sound quality of the fabricated 
first generation CD 1 a Is not deteriorated compared with 
that of a conventional first generation CD. In other 
words, in performing the sampling frequency con version 
only a filtering process for performing the 1/64 decima- 
tion is required and, because the sampling rate convert- 
er is no longer required, the jitter components that ac- 
company sampling rate conversion are not produced. 
As a consequence, it is possible to achieve a sound 
quality of this manufactured first generation CD 1 a that 
is equivalents that of a conventional CD obtained when 
the analog audio signal is directly sampled by 44.1 kHz. 
[0063] Next, a description is made of a reproducing 
apparatus corresponding to the second generation CD 
1b. 

[0064] Fig. 3 Is a schematic block diagram showing 
major portions of the reproducing apparatus. It should 
be noted that this reproducing apparatus is also capable 
of reproducing the first generation CD 1a. A disk 1, 
which can be either the first generation CD 1a or the 
second generation CD 1b, is rotatabry driven by a spin- 
dle motor 26. 

[0065] The apindle motor 26 is driven in a constant 
linear velocity (CLV) mode in response to a drive signal 
from a motor controller 25. 

[0066] A detailed description of spindle servo opera- 
tion by the motor controller 25 for CLV control is omitted, 
because such servo systems are well known. A clock 
signal CK2 produced by an oscillator 23 is divided by a 
divider 24 to thereby obtain a predetermined reference 
clock signal CKs. Then, a PLL system clock that has 
been synchronized with the reproduced data is com- 
pared in the motor controller 25 with this reference clock 
CKs so as to produce an error signal. Power is supplied 
to the spindle motor 26 according to this error signal, so 
that the CLV servo is operated. Although not shown in 
the drawing, the PLL system clock may be implemented, 
for instance, by supplying extracted data into the PLL 
circuit within a first generation CD decoder 2B and a sec- 
ond generation CD decoder 29. 
[0067] While the disk 1 is rotated, a pickup 21 irradi- 
ates laser light onto the recording surface of the disk 1 , 
and then the laser light reflected from the recording sur- 



10 

face thereof is detected by the pickup 21, so that the 
information formed on the disk 1 in the form of pits may 
be read out. 

[0068] The information read by the pickup 21 is sup- 
5 plied to a first generation CD decoder 28 and to a second 
generation CD decoder 29. 

[0069] A clock signal CK2 having a frequency that will 
be used to decode the data in the second generation 
CD decoder 29 is generated by an oscillator 23, and this 

10 dock signal CK2 is supplied to the second generation 
CD decoder 29. The clock signal CK2 generated by the 
oscillator 23 is also divided by another divider 27 to pro- 
duce another clock signal CK1 having a frequency that 
will be used to decode the data in the first generation 

'5 CD decoder 28, and this second clock signal CK1 Is sup- 
plied to the first generation CD decoder 28. 
[0070] A 16-bit digital audio signal whose sampling 
frequency Is equal to fs Is decoded and output from the 
first generation CD decoder 28. This 1 6-bit signal is then 

20 converted into a 1-bit digital audio signal whose sam- 
pling frequency is equal to 64 fs by way of an over sam- 
pling filter 30 and a AX modulation circuit 31 . Then, this 
1-bit digital audio signal is supplied to an input terminal 
T1 of a switch 32. 

25 [0071 J The output from the switch 32 is supplied to a 
1-bit D/A converter 33 to be converted Into an analog 
audio signal, which is then output from an output termi- 
nal 34. To this 1-bit D/A converter 33, the clock signal 
CK2 generated by the oscillator 23, namely, a clock sig- 

30 nal identical to the clock signal for the second generation 
CD decoder 29, is supplied. 

[0072] A disk discriminating unit 22 functions to dis- 
criminate whether the loaded disk 1 is a first generation 
CD 1a or a second generation CD 1b. This discrimina- 
35 tion may be achieved by reading the table of contents 
(TOC) data recorded on the innermost peripheral side 
of the disk. 

[0073] The disk discriminating unit 22 controls opera- 
tion of the switch 32, as well as the dividing ratio of the 

40 divider 24 according to the discrimination result. 

[0074] Operations of the above-described reproduc- 
ing apparatus will now be explained. 
[0075] First, it is assumed that the disk 1 to be repro- 
duced is a second generation CD 1 b. When the disk dis- 

45 criminating unit 22 initially discriminates the loaded disk 
1 as a second generation CD 1b based upon the TOC 
data, the disk discriminating unit 22 sets the dividing ra- 
tio of the divider 24 to the proper value for a second gen- 
eration CD 1 b. Also, the disk discriminating unit 22 caus- 

50 es the output of the switch 32 to be connected to a ter- 
minal T2. 

[0076] Since the dividing ratio of the divider 24 is set 
a the value corresponding to the second generation CD 
1 b, the frequency of the reference clock signal CKs used 
55 for the CLV servo in the motor controller 25 becomes 
the frequency corresponding to the second generation 
CD 1b. That is, the disk 1 is rotatabry driven at a linear 
speed corresponding to the second generation CD 1b. 
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[0077] At this time, since the pit information extracted 
by the pickup 21 is decoded by the second generation 
CD decoder 29, the 64 fs/1 -bit digital audio signal is de- 
coded and since the output of the switch 32 is connected 
to the terminal T2, the 64 fs/1 bit digital audio signal is 
supplied to the 1 -bit D/A converter 33 so as to be thereby 
converted Into the analog audio signal. 
[0078] Secondly, it is assumed that the disk 1 to be 
reproduced is a first generation CD 1 a, so that when the 
disk discriminating unit 22 initially discriminates the 
loaded disk 1 as a first generation CD 1a based upon 
the TOC data, the disk discriminating unit 22 sets the 
dividing ratio of the divider 24 to a proper value for a first 
generation CD 1a. Also, the disk discriminating unit 22 
causes the output of the switch 32 to be connected to 
the input terminal T1 . 

[0079] Since the dividing ratio of the divider 24 is set 
to the value corresponding to a first generation CD 1a, 
the frequency of the reference clock signal CKs used for 
the CLV servo in the motor controller 25 becomes the 
frequency corresponding to a first generation CD 1a. 
That is, the disk 1 is rotatably driven at a linear speed 
corresponding to a first generation CD 1 a. 
[0080] At this time, since the pit information extracted 
by the pickup 21 is decoded by the first generation CD 
decoder 28, the fs/1 6-bit digital audio signaJ is property 
decoded. This fs/1 6-bit digital audio signal is processed 
by the over sampling filter 30 and the AT modulation 
circuit 31 , which are operated In response to the clock 
signal CK2, to be converted into a 64 fs/1 bit digital audio 
signal. Then, since the output of the switch 32 is con- 
nected to the terminal T1 , the 64 fs/1 bit digital audio 
signal is supplied to the 1 bit D/A converter 33 to be 
thereby converted into the analog audio signal. 
[0081] By reproducing the second generation CD 1b 
in accordance with such a reproducing apparatus, audio 
data with very high sound quality can be reproduced us- 
ing 64fs. Also, since the sampling frequency of the sec- 
ond generation CD 1b is an integer multiple of the sam- 
pling frequency of the first generation CD 1a, as repre- 
sented in Fig. 3, it is possible to realize a reproducing 
apparatus having compatibility, even when the clock 
system and the reproduction system do not involve very 
complex circuit arrangements. 

[0082] In other words, as to the clock system, since 
the ratio of the sampling f requ ency of the first generation 
CD 1a to that of the second generation CD 1b consti- 
tutes an integer ratio, the clock signal from the oscillator 
23 can be used in common. That is to say, even when 
a plurality of oscillators are not employed, it is possible 
to easily generate clocks having the necessary frequen- 
cies by using frequency dividers. As a result, two inde- 
pendent master clock systems need not be constructed, 
and the circuit arrangement of the clock system can be 
made simple. 

[0083] Also, with respect to the reproducing system, 
the 1-bit D/A converter 33 can be used in common, so 
that the circuit arrangement of the reproducing system 



can also be made simple. Moreover, sound quality does 
not deteriorate using this system. 
[0084] Since the 1 -bit D/A converter 33 is a D/A con- 
verter that performs operations according to data repro- 

5 duced from the second generation CD 1 b, there are ab- 
solutely no problems with respect to a second genera- 
tion CD 1b. To also use this 1-bit D/A converter 33 for 
the data reproduced from the first generation CD 1 a, fs/ 
1 6-bit data decoded from the first generation CD decod- 

10 er 28 must be converted into 64 fs/1 -bit data. Since the 
sampling frequency is an integer multiple, however, the 
fs/1 6-bit data is simply overs am pled 64 times by the 
oversampling fitter 30 and converted into 64 fs/1 -bit data 
by the AX modulation circuit 31 . Thus, a sampling rate 

is converter is not required. As a consequence, since there 
is no factor to produce the jitter component, the sound 
quality of the first generation CD 1 a is not deteriorated. . 
[0085] Fig. 4 represents another arrangement of the 
reproducing apparatus, in which the same reference nu- 

20 merals shown in Fig. 3 are employed to denote the same 
functional units and explanations thereof are omitted. 
[0086] In this case, a D/A converter 36 corresponds 
to a D/A converter operated in response to the clock sig- 
nal CK1 and has a sampling frequency fs. 

25 [0087] As a result, when the first generation CD 1 a is 
reproduced the fs/1 6-bit reproduced data output from 
the first generation CD decoder 28 is directly supplied 
via the switch 32 to the D/A converter 36, so that this 
reproduced data is converted into analog audio data. 

30 [0088] on the other hand, when the second genera- 
tion CD 1 b is reproduced, the 64fs/1 -bit reproduced data 
outputted from the second generation CD decoder 29 is 
processed in a decimation filter 35 using 64:1 decima- 
tion processing. Then, since this fs/1 6-blt reproduced 

35 data is supplied via the switch 32 to the A/D converter 
36, this fs/1 6-bit reproduced data is converted into an- 
alog audio data. 

[0089] In this case, as with the reproducing apparatus 
of Fig. 3, compatibility can be realized by a simple clock 
40 reproducing system, and there is no deterioration in the 
sound quality caused by joint use of the D/A converter 
36. That is, there Is no possibility that jitter components 
are produced In the decimation process of the decima- 
tion filter 35. 

45 [0090] Fig. 5 represents another arrangement of the 
reproducing apparatus, in which the same reference nu- 
merals shown in Figs. 3 and 4 are employed to denote 
the same functional units and explanations thereof are 
omitted. 

50 [0091] Although the description of the spindle servo 
operation of the constant linear velocity control by the 
motor controller 25 is not repeated, the clock signal CK1 
generated by a first oscillator 60 or the clock signal CK2 
generated by a second oscillator 61 is fed to the spindle 

55 motor 26 through the output of a switch 62. The clock 
signal CK1 or clock signal CK2 is subjected to a required 
frequency division processing, and the standard clock 
signal having a prescribed frequency corresponding to 
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the first generation CD 1a or the second generation CD 
1b Is compared with PLL clock synchronous with the 
playback data to generate an error signal. Then, the 
control linear velocity servo is exercised by applying 
power to the spindle motor spindle motor depending on 
the error signal. Although the PL. clock is not shown in 
the drawings, the PL clock signal is generated by feed- 
ing the data extracted in the decoder 28 for the first gen- 
eration CD when the first generation CD 1a is regener- 
ated or from the decoder 29 for the second generation 
CD when the second generation CD 1 b is regenerated 
to the PLL circuit 

[0092] When the disk 1 is rotated, the pickup 21 irra- 
diates a laser beam on the record surface of the disk 1 , 
and the reflected beam Is detected to read the pit infor- 
mation formed on the disk 1 . 

[0093] The information read by the pickup 21 is fed to 
the decoder 28 for the first generation CD and to the 
decoder 29 for the second generation CD. The decoder 

28 for the first generation CD and the decoder 29 for the 
second generation CD each exercise RF processing, 
Eight-Fourteen demodulation, error correction, and de- 
interleave processing depending on the first generation 
CD 1a and the second generation CD 1b, respectively, 
to obtain digital audio data. 

[0094] The clock signal Is fed from the oscillator 60 to 
the decoder 28 for the first generation CD as a clock 
signal for the decoding processing. The clock signal 
CK2 is fed from a second oscillator 61 to the decoder 

29 for the second generation CD as a clock signal for 
the decoding processing. The digital audio signal having 
a sampling frequency fs of 44.1 kHz and a quantization 
bit number of 1 6 bit is output from the decoder 28 for the 
first generation CD as the decoded output. The digital 
audio signal having a sampling frequency fs of 96 kHz 
and a quantization bit number of 24 bits is output from 
the decoder 29 for the second generation CD as the de : 
coded output. 

[0095] The output from the decoder 28 for the first 
generation CD is fed to a sampling rate converter 63. 
The dock signal CK1 and the clock signal CK2 are fed 
to the sampling rate converter 63. The sampling rate 
converter 63 converts the digital audio signal having a 
sampling frequency fs of 44.1 kHz and 16 quantization 
bits to a digital audio signal having a sampling frequency 
fs of 96 kHz and 24 quantization bits. 
[0096] The output from the sampling rate converter 63 
and the output from the decoder 29 for the second gen- 
eration CD are fed to a D/A converter 64 selectively by 
switch 65. The clock signal CK2 Is fed to the D/A con- 
verter 64 as a clock signal for the processing, the D/A 
converter 64 converts the digital audio signal having a 
sampling frequency fs of 96 kHz and 24 quantization bits 
to the analog audio signal. The analog audio signal is 
outputted from the terminal 66 as the playback signal. 
[0097] The disk discriminating unit 22 is a section for 
judging whether the disk 1 mounted is a first generation 
CD 1a or a second generation CD 1b. The judgment is 



possble by reading TOC data recorded on the inner- 
most periphery of the disk. The disk Judging section 22 
controls the switches 62 and 65 depending on the 
judged result. 

5 [0098] Operation of such a playback device is de- 
scribed herein under. 

[0099] First, operations for playback of the disk 1 of 
the second generation CD 1b are described. The disk 
discriminating unit 22 judges whetherthe disk 1 is a sec- 
10 ond generation CD 1 b based on the TOC data on the 
disk 1 . then, the disk discriminating unit 22 operates the 
switches 62 and 65 to connect the outputs thereof to the 
respective input terminals T2. 

[01 00] Thereby, the clock signal CK2 is fed to the mo- 
ts tor controller 25, and the frequency for the standard 
clock signal used for the constant linear velocity servo 
is converted to the frequency which corresponds to the 
second generation CD 1b. In other words, the disk 1 is 
driven rotational ly at a linear velocity which corresponds 
20 to the second generation CD 1b. 

[01 01 ] Then, the pit information extracted by the pick- 
up 21 is decoded by the decoder 29 for the second gen- 
eration CD, thereby, the digital audio signal having a 
sampling frequency fs of 96 kHz and 24 quantization bits 
25 is obtained. When , the switch 65 is connected to the ter- 
minal T2, therefore, the digital audio signal of 96 kHz/ 
24-bit format is fed to the D/A converter 64 and convert- 
ed to the analog audio signal. 

[01 02] Next, operations for playback when the disk 1 
30 is a first generation CD 1a. The disk discriminating unit 
22 judges whetherthe disk 1 is a first generation CD 1 a 
based on the TOC data on the disk 1 , then, the disk dis- 
criminating unit 22 operates the switches 62 and 65 to 
connect the outputs thereof to the respective input ter- 
35 minalsTL 

[01 03] Thereby, the clock signal CK1 is fed to the mo- 
tor controller 25. The frequency of the standard clock 
signal used for the constant linear velocity servo, which 
is obtained by frequency dividing the clock signal CK1 , 
40 is converted to the frequency which corresponds to the 
first generation CD 1 a. In other words, the disk 1 is driv- 
en rotationally at a linear velocity which corresponds to 
the first generation CD 1 a. 

[01 04] Then, the pit information extracted by the pick- 
45 up 21 Is decoded by the decoder 28 for the first gener- 
ation CD, thereby, the digital audio signal of 44.1 kHz/ 
1 6-bit format is decoded. 

[01 05] The digital audio signal of 44.1 kHz/1 6-bit for- 
mat is converted to the digital audio signal of 96 kHz/ 

so 24-bit format by the sampling rate converter 29. Then, 
the output of switch 65 is connected to the input terminal 
T1 , therefore, the digital audio signal of 96 kHz/24-bit 
format is fed to the D/A converter 64 and converted to 
the analog audio signal. 

55 [01 06] By using such a playback device, when a sec- 
ond generation CD 1b is regenerated, the audio data of 
96 kHz/24-bit format is regenerated to provide high qual- 
ity sound. 
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[0107] For playback of the first generation Cd 1 a, the 
decoded digital audio signal of 44.1 kHz/1 6-bit format is 
converted to the digital audio signal of 96 kHz/24-bit for- 
mat by the sampling rate converter 63. 
[0108] Therefore, the D/A converter 64 which corre- 
sponds to the digital audio signal of 96 kHz/24-bit format 
Is used also for playback of the first generation CD 1a, 
thereby only one set of D/A converting circuits (D/A con- 
verter, and peripheral devices such as an amplifier and 
filter) is sufficient for the playback circuit, thus, the struc- 
ture of the playback circuit Is simplified. 
[01 09] It should be noted that although the above-ex- 
plained embodiments have been described such that 
the presently available CD system is the first generation 
CD 1a and the second generation CD 1b has character- 
istics that match those of this first generation CD 1 a, the 
present invention is not limited to CD systems. 
[0110] For instance, in a digital tape recorder system 
it is possible to realize such a recording/reproducing 
system by employment of a sampling frequency that is 
an integer multiple of 44.1 kHz. 

[0111] Also, in a recording/reproducing system 
whose sampling frequencies are selected to be 32 kHz 
and 48 kHz, when the present invention is applied, such 
a system may be constructed whose sampling frequen- 
cy is set to either 32 kHz x n or 48 kHz x n, where n is 
an integer. In particular, a sampling frequency of 48 kHz 
x n may be suitably used In next-generation video re- 
cording/reproducing media. 



Claims 

1. A recording apparatus for recording a first digital 
signal consisting of multi-bit data words sampled at 
a first sampling frequency (fs) to a first recording 
medium (1a) and a second digital signal consisting 
of 1 bit data words sampled at a second sampling 
frequency (64fs) higher than the first sampling fre- 
quency (fs) to a second recording medium (1b) 
~ comprising: 

analog to digital converting means (11 ) for con- 
verting an input analog signal to a one-bit data 
stream signal at the second sampling frequen- 
cy (64fs); 

down sampling and re-quantisation means (12, 
13, 14) for converting the one-bit data stream 
signal sampled at the second sampling fre- 
quency (64fs) to a multi-bit digital signal sam- 
pled at the first sampling frequency (fs); 
first recording signal processing means (1 5) for 
processing the multi-bit digital signal for record- 
ing; 

first recording means (1 6) for recording the dig- 
ital signal processed by the first signal process- 
ing means (15) to the first recording medium 
(1a); 



second recording signal processing means 
(1 7) for processing the one-bit data stream sig- 
nal for recording; and 

second recording means (1 8) for recording the 
5 digital signal processed by the second signal 

processing means (1 7) to the second recording 
medium (16). 

2. The recording apparatus according to claim 1, 
io wherein said analog to digital converting means (11) 

comprises a one-bit delta -si gma modulation analog 
to digital converter. 

3. The recording apparatus according to claim 1 or 2, 
is wherein said down sampling and requantisatlon 

means (12, 13, 1.4) comprises a decimation filter 
(1 3) and bit-mapping device (1 4) in series with each 
other. 

20 4. The recording apparatus according to claim 1 , 2 or 
3, wherein said first recording signal processing 
means (15) includes means for recording the digital 
signal formatted by 16-bit data words sampled at 
44.1 kHz on the first recording medium (1a). 

25 

5. The recording apparatus according to claim 1 , 2, 3 
or 4, wherein said second recording signal process- 
ing means (1 7) includes means for recording the 
digital signal formatted by 1 -bit data words sampled 

30 at 2.8224 MHz on the second recording medium 
(1b). 

6. The recording apparatus according to claim 5, 
adapted to record said digital signal on said second . 

35 recording medium (1b) having a base plate with a 
diameter not larger than 120 mm and a thickness 
larger than 0.6 mm. 

7. The recording apparatus according to claim 6, for 
40 recording tracks on the second recording medium 

.. . (1 b) at a track pitch of approximately 0.74 urn, at an . 
Information recording capacity of not less than 4.7 
Gbytes. 

45 8. A reproducing apparatus for reproducing a first dig- 
ital signal formatted by multi-bit data words sampled 
at a first sampling frequency (fs) from a first record- 
ing medium (1a) and a second digital signal format- 
ted by 1-bit data words sampled at a second sam- 

5p piing frequency (64fs) higher than the first sampling 
frequency (fs) from a second recording medium 
(1b), comprising: 

a pick-up head (21 ) for reproducing a digital sig- 
55 nal from one of the first and second recording 

media (1a, 1b); 

first decoding means (28) for decoding the mul- 
ti-bit data words sampled at the first sampling 
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frequency (fs) corresponding to the first record- 
ing medium (1a); 

second decoding means (29) for decoding the 
1 -bit data words sampled at the second sam- 
pling frequency (64fs) corresponding to the 
second recording medium (1b); 
discriminating means (22) for discriminating the 
first recording medium (1a) and the second re- 
cording medium (1b); and 
switching means (65) for switching digital out- 
put signals from the first decoding means (28) 
and the second decoding means (29) in accord- 
ance with a result of said discriminating means 
(22). 

9. The reproducing apparatus according to claim 8, 
further comprising: 

over sampling means (63) for converting the 
sampling frequency of the digital output signal 
from the first decoding means (28) to the sec- 
ond sampling frequency (64fs); 
delta-sigma modulating means for converting 
multi-bit data words sampled at the first sam- 
pling frequency (fs) to 1 -bit data words sampled 
at the second sampling frequency (64fs). 

10. The reproducing apparatus according to claim 8 or 
9 f further comprising: 

down sampling means for converting the 
sampling frequency of the digital signal from the 
second decoding means (29) to the first sampling 
frequency (fs). 

11. The reproducing apparatus according to claims 8, 

9 or 1 0, wherein said first decoding means (28) de- 
codes signals from said first recording medium (1a) 
formatted by 16-bit data words sampled at 44.1 
KHz. 

12. The reproducing apparatus according to claim 8, 9, 

1 0 or 1 1 , wherein said second decoding means (29) 
decodes signals from said second recording medi- 
um (1b) formatted by 1-bit data words sampled at 
2.8224 MHz. 

13. The reproducing apparatus according to claim 12, 
adapted for reproducing said second digital signal 
from said second recording medium (1b) having a 
base plate with a diameter not larger than 120 mm 
and a thickness larger than 0.6 mm. 

14. The reproducing apparatus according to claim 13, 
for reproducing tracks from the second recording 
medium (1b) formatted at a track pitch of approxi- 
mately 0.74 urn and with an information recording 
capacity of not less than 4.7 Gbytes. 
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15. The reproducing apparatus according to any one of 
claims 8 to 14, for reproducing a recording medium 
(1 b) recorded with a high-speed one-bit data stream 
output from a delta-sigma modulation analog to dig- 
ital converter at a sampling frequency of n x 44.1 
KHz, where n is an interger. 

16. A reproducing apparatus for reproducing a first dig- 
ital signal consisting of first multi-bit data words 
sampled at a first sampling frequency (fs) from a 
first recording medium (1 a) and a second digital sig- 
nal consisting of a second multi-bit data word sam- 
pled at a second sampling frequency (64fs) higher 
than the first sampling frequency (fs) from a second 
recording medium (1b), comprising: 

reproducing means (21) for reproducing the 
digital signal from one of the first recording me- 
dium (1a) and the second recording medium 
(1b); 

discrimination means (22) for discriminating the 
first recording medium (1a) and the second re- 
cording medium (1b); 

first decoding means (28) for decoding the dig- 
ital data from the first recording medium (1a); 
second decoding means (29) for decoding the 
digital data from the second recording medium 
(1b); 

first clock generating means (60) for generating 
a first clock signal (CK1 ) based upon a rotating 
drive signal for the first recording medium (1a); 
second clock generating means (61) for gener- 
ating a second clock signal (CK2) based upon 
a rotating drive signal forthe second recording 
medium (1b); 

switching means (62) for switching the first and 
second dock signals (CK1 , CK2) in accordance 
with result of discrimination means (22); and 
rotating means (26) for rotating the recording 
medium (1a, 1b) in accordance with the clock 
signal output from the switching means (62). „ 

17. The reproducing apparatus according to claim 16, 
further comprising: 

sampling rate converting means (63) for con- 
verting a bit number and a sampling frequency 
of the digital signal from the first decoding 
means (1a); and 

second switching means (65) for switching the 
output signal from the sampling rate converting 
means (63) and the digital signal from the sec- 
ond decoding means (29). 

18. The reproducing apparatus according to claim 16, 
further comprising: 

second switching means (65) for switching 
* the output signal from the first decoding means (28) 
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and the output signal from the second decoding 
means (29) to form a playback signal output from 
the apparatus. 




B1 20 

des Digitatsi gnats, welches durch 1 6-Bit-Datenw6r- 
ter, die mft 44,1 kHz abgetastet sind, forrnatiert ist, 
auf dem ersten Aufzeichnungstrager (1a) aufweist 



Patentansprucrte 

1 . Aufzeichnungsgerat zum Aufzeichnen eines ersten 
Digitalsignals, welches aus Muftibit-Datenwortern 
besteht, die mft elner ersten Abtastfrequenz (fs) ab- 10 
getastet werden, auf einem ersten Aufzeichnungs- 
trager (1a), und eines zweiten Digitalsignals, wel- 
ches aus 1 -Bit-Datenwdrtem besteht, die mit einer 
zweiten Abtastfrequenz (64fs) abgetastet werden, 

die hdher ist ais die erste Abtastfrequenz (fs), auf '5 
einem zweiten Aufzeichnungstrager (1b), mit: 

einer Analog-DIgital-Umsetzungseinnchtung 
(11) zum Umsetzen eines gelieferten Analogsi- . 
gnats in ein Ein-Bit-Datenstromsignal mit der 20 
zweiten Abtastfrequenz (64fs); 
einer Abwartsabtastungs- und Requantisie- 
rungselnrichtung (12, 13, 14) zum Umsetzen 
des Ein-Bit-Datenstromsignals, welches mit 
der zweiten Abtastfrequenz (64fs) abgetastet 25 
wird, in eln Multiblt-Digltalslgnal, welches mit 
der ersten Abtastfrequenz (fs) abgetastet wird; 
einer ersten Aufzeichnungssignal-Verarbei- 
tungseinrichtung (15) zum Verarbeiten des 
Multibit-Digitalsignals zur Aufzeichnung; 30 
elner ersten Aufzelchnungselnrichtung (16) 
zum Aufzeichnen des durch die erste Signal- 
verarbeitungseinrichtung (15) verarbeiteten Di- 
gitalsignals auf dem ersten Aufzeichnungstra- 
ger (1a); ~ 35 
einer zweiten Aufzeichnungssignal-Verarbei- 
tungseinrichtung (1 7) zum Verarbeiten des Ein- 
Bit-Datenstromsignals zur Aufzeichnung; und 
einer zweiten Aufzeichnungseinrichtung (18) 
zum Aufzeichnen des durch die zweite Signal- 40 
verarbertungselnrichtung(17) verarbeiteten Di- 
gitalsignals auf dem zweiten Aufzeichnungstra- 
ger (16). 

2. Aufzeichnungsgerat nach Anspruch 1, wobei die 45 
Analog-Digitai-Umsetzungseinrichtung (11) einer 
Ein-Bit-Delta-Sigma-Modulation-Analog-Digital- 
Umsetzer umfaBt. 

3. Aufzeichnungsgerat nach Anspruch 1 Oder 2, wobei 50 
die Abwartsabtastungs- und Requantisierungsein- 
richtung(12, 13, 14) ein Dezimierungsfilter(13) und 
eine Einrichtung (14) zum Erfassen von Bits in Rei- 

he miteinander umfaBt. 

55 

4. Aufzeichnungsgerat nach Anspruch 1 , 2 oder 3, wo- 
bei die erste Aufzeichnungssignal-Verarbeitungs- 
einrichtung (15) eine Einrichtung zum Aufzeichnen 



5. Aufzeichnungsgerat nach Anspruch 1, 2, 3 oder 4, 
wobei die zweite Aufzefehnungssignal-Verarbei- 
tungseinrichtung (17) eine Einrichtung zum Auf- 
zeichnen des Digitalsignals, welches durch 1 -Bit- 
Date n wo rter forrnatiert ist, die mit 2,8224 MHz ab- 
getastet sind, auf dem zweiten Aufzeichnungstrfi- 
ger(1b) aufweist. 

6. Aufzeichnungsgerat nach Anspruch 5, welches 
ausgelegt ist, das Digitalsignal auf dem zweiten 
Aufzeichnungstrager (1b) aufzuzeichnen, der eine 
Basisplatte mit einem Durchmesser von nicht gro- 
Ber als 120 mm und eine Dtcke groBer als 0,6 mm 
aufweist. 

7. Aufzeichnungsgerat nach Anspruch 6 zum Auf- 
zeichnen von Spuren auf dem zweiten Aufzeich- 
nungstrager (1b) mit einer Spurteilung von unge- 
fafir 0,74 um bel einer Informationsaufzeichnungs- 
kapazitat von nicht weniger als 4,7 Gigabyte. 

8. Wiedergabeger&t zum Wiedergeben eines ersten 
Digitalsignals, welches durch Multidatenworter for- 
rnatiert ist, die mit einer ersten Abtastfrequenz (fs) 
abgetastet werden, von einem ersten Aufzeich- 
nungstrager (1a), und eines zweiten Digitalsignals, 
welches durch 1-Blt-Datenworter forrnatiert Ist, die 
mit einer zweiten Abtastfrequenz (64fs) abgetastet 
werden, die hdher ist als die erste Abtastfrequenz 
(fs), von einem zweiten Aufzeichnungstrager (1b), 
mit 

einem Abtastkopf (21) zum Reproduzieren ei- 
nes Digitalsignals vom ersten oder zweiten Auf- 
zeichnungstrager (1a, 1b); 
einer ersten Decodiereinrichtung (28) zum De- 
codieren der Multibit-Datenwqrter, die mit der 
ersten Abtastfrequenz (fs) abgetastet werden, 
die sich fur den ersten Aufzeichnungstrager 
(1 a) eignet; 

elner zweiten Decodiereinrichtung (29) zum 
Decodieren der 1-Bit-Datenworter, die mit der 
zweiten Abtastfrequenz (64fs) abgetastet wer- 
den, die sich fur den zweiten Aufzeichnungs- 
trager (1 b) eignet; 

einer Unterscheidungselnrichtung (22) zum 
Unterscheiden des ersten Aufzeichnungstra- 
gers (1a) und des zweiten Aufzeichnungstra- 
gers (1b); und 

einer Umschalteinrichtung (65) zum Umschal- 
ten von digitalen Ausgangssignalen von der er- 
sten Decodiereinrichtung (28) und der zweiten 
Decodiereinrichtung (29) gemaB dem Ergebnis 
der Unterscheidungselnrichtung (22). 
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9. Wiedergabegerat nach Anspruch 8, welches auBer- 
dem aufwelst: 

etna Uberabtasteinrichtung (63) zum Umset- 
zen der Abtasttrequenz des digitalen Aus- 
gangssignals von der ersten Decodiereinrich- 
tung (28) aut die zweite Abtastfrequenz (64fs); 
eine Delta-Sigma-Modulationseinrichtung zum 
Umsetzen von Multibft-Oatenwortern, die mit 
der ersten Abtastfrequenz (fs) abgetastet wer- 
den, in 1 -Bit-Datenworter, die mit derzweiten 
Abtastfrequenz (64fs) abgetastet werden. 

1 0. Wiedergabegerat nach Anspruch 8 oder 9, welches 
auBerdem aufwelst: 

eine Abwartsabtasteinrichtung zum Umset- 
zen der Abtastfrequenz des Digitatsignals von der 
zwelten Decodiereinrichtung (29) aut die erste Ab- 
tastfrequenz (fs). . 

11. Wiedergabegerat nach Anspruch 8, 9 oder 10, wo- 
bei die erste Decodiereinrichtung (28) Signale vom 
ersten Aufzelchnungstrager (1a) decodiert, die 
durch 1 6-Bit-Datenworter, die mit 44,1 kHz abgeta- 
stet sind, formatiert sind. 

12. Wiedergabegerat nach Anspruch 8, 9, 10 oder 11, 
wobei die zweite Decodiereinrichtung (29) Signale 
vom zwelten Aufzelchnungstrager (1b) decodiert, 
die durch 1 -Bit-Datenworter, die mit 2,8224 MHz 
abgetastet sind, formatiert sind. 

13. Wiedergabegerat nach Anspruch 12, welches aus- 
gebildet 1st, urn das zweite Digltalsignal vom zwel- 
ten Aufzelchnungstrager (1b) zu reproduzieren, der 
eine Basisplatte mit einem Durchmesser von ntcht 
groBer als 120 mm und eine Dicke hat, die groBer 
1st als 0,6 mm. 

14. Wiedergabegerat nach Anspruch 13 zum Wieder- 
geben von Spuren vom zweiten Aufzelchnungstra- 
ger (1b), die mit elner Spurtellung von ungefahr 
0,74 urn formatiert sind, und mit einer Informations- 
aufzeichnungskapazitat von nicht weniger als 4,7 
Gigabyte. 

15. Wiedergabegerat nach einem der Anspruche 8 bis 
14 zum Reproduzieren eines Aufzeichnungstragers 
(1b), der mit einem Hochgeschwindigkeits-Ein-Bit- 
Datenstrom beschrieben 1st, der von einem Delta- 
Sigma-Modulations-Analog-Digital-Umsetzer mit 
einer Abtastfrequenz n x 44,1 kHz ausgegeben 
wird, wobei n eine ganze Zahl ist. 

16. Wiedergabegerat zum Wiedergeben eines ersten 
Digitalsignals, welches aus ersten Multibit-Daten- 
wortern besteht, die mit einer ersten Abtastfre- 
quenz (fs) abgetastet werden, von einem ersten 



Aufzeichnungstrager (1a) : und eines zweiten Digi- 
talsignals, welches aus einem zwelten Muftibit-Da- 
tenwort besteht, welches mit einer zweiten Abtast- 
frequenz (64fs) abgetastet wird, die hdher 1st als die 
5 erste Abtastfrequenz (fs), von einem zweiten Auf- 

zelchnungstrager (1b), mit: 

einer Wiedergabeeinrichtung (21) zum Wieder- 
geben des Digitalsignals vom ersten Aufzeich- 
10 nungstrager (1a) oder vom zwelten Aufzelch- 

nungstrager (1b); 

einer Unterscheidungseinrichtung (22) zum 
Unterscheiden des ersten Aufzeichnungstra- 
gers (1a) und des zweiten Aufzeichnungstra- 
is gers(1b); 

einer ersten Decodiereinrichtung (28) zum De- 
codieren der Digitaldaten vom ersten Aufzeich- 
nungstrager (1a); 

einer zweiten Decodiereinrichtung (29) zum 
20 Decodieren der Digitaldaten vom zweiten Auf- 

zelchnungstrager (1b); 

einer ersten Takterzeugungseinrtchtung (60) 
zum Erzeugen eines ersten Taktsignals (CK1) 
auf der Basis eines Drehansteuerstgnals fur 

25 den ersten Aufzeichnungstrager (1 a); 

einer zwelten Takterzeugungseinrtchtung (61) 
zum Erzeugen eines zweiten Taktsignals (CK2) 
auf der Basis eines Drehansteuersignals fur 
den zweiten Aufzeichnungstrager (1b); 

30 einer Umschalteinrichtung (62) zum UmschaJ- 

ten des ersten und des zweiten Taktsignals 
(CK1, CK2) gemaB dem Ergebnis der Unter- 
scheidungseinrichtung (22); und 
einer Dreheinrlchtung (26) zum Drehen des 

35 Aufzeichnungstragers (1a, 1b) gemaB dem 

TaktsignaJ, welches von der Umschalteinrich- 
tung (62) ausgegeben wird. 

17. Wiedergabegerat nach Anspruch 16, welches au- 
40 Berdem aufweist: 

eine Absatzraten-Umsetzungselnrichtung zum " 
Umsetzen einer Bitzahl und einer Abtastfre- 
quenz des Digitalsignals von der ersten Deco- 
rs dierelnrlchtung (1a), und 

eine zweite Umschalteinrichtung (65) zum Urn* 
schalten des Ausgangssignais von der Abta- 
straten-Umsetzungseinrichtung (63) und des 
Digitalsignals von derzweiten Decodiereinrich- 
so tung (29). 

18. Wiedergabegerat nach Anspruch 16, welches au- 
Berdem aufweist: 

eine zweite Umschalteinrichtung (65) zum 
55 Umschalten des Ausgangssignais von der ersten 
Decodiereinrichtung (28) und des Ausgangssignais 
von der zweiten Decodiereinrichtung (29), um ein 
Wiedergabesignal, welches vom GerSt ausgege- 
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ben wird, zu bilden. 



Revendications 

5 

1 . Appareil d'enregistrement pour enregistrer un pre- 
mier signal numerique qui est constitue par des 

mots de donnees a multiples bits ou muttibits qui 5. 
sont echantillonnes a une premiere frequence 
d'echantillonnage (fs) sur un premier support d'en- 10 
registrement (1a) et un second signal numerique 
qui est constitue par des mots de donnees d'un bit 
qui sont echantillonnes a une seconde frequence 
d'echantillonnage (64fs) superieure a la premiere 
frequence d'echantillonnage (fs) sur un second is 
support d'enregistrement (1 b) comprenant : 6. 

un moyen de conversion analogique-numeri- 
que (11) pour convertir un signal analogique 
□"entree seton un signal de train de donnees 20 
d'un bit a la seconde frequence d'echantillon- 
nage (64fs) ; 

un moyen de so us-echanti I tonnage et de re- 7. 
quantification (12, 13, 14) pour convertir le si- 
gnal de train de donnees cTun bit qui est echan- 25 
tillonne a la seconde frequence d'echantillon- 
nage (64fs) selon un signal numerique muttibtt 
qui est echantilionne a la premiere frequence 
d'echantillonnage (fs) ; 

un premier moyen de traitement .de signal d'en- 30 8. 
registrement (15) pour tralter le signal numeri- 
que multibit pour I'enregistrement ; 
un premier moyen d*enregistrement (1 6) pour 
enregistrer le signal numerique qui est trafte 
par le premier moyen de traitement de signal 35 
(15) sur (e premier support d'en registrement 
<1a); 

un second moyen de traitement de signal d'en- 
registrement (1 7) pour traiter le signal de train 
de donnees d'un bit pour I'enregistrement ; et 40 
un second moyen d'enregistrement (18) pour 
enregistrer le signal numerique qui est traits 
par le second moyen de traitement de signal 
(17) sur le second support d'enregistrement 
(1b). 45 

2. Appareil d'enregistrement selon la revendication 1 , 
dans lequel ledit moyen de conversion analogique- 
num6rique (11) comprend un convertisseur anafo- 
gique-numerique a modulation delta-slgma d'un bit. so 

3. Appareil d'enregistrement selon la revendication 1 
ou 2, dans lequel ledit moyen de sous-echantillon- 
nage et de requantification (12, 13, 14) comprend 

un filtre de decimation (13) et un dispositif de mise 55 
en carte de bits (14) en serie Tun avec f autre. 

4. Appareil d'enregistrement selon la revendication 1 , 



2 ou 3, dans lequel ledit premier moyen de traite- 
ment de signal d'enregistrement (15) inclut un 
moyen pour enregistrer le signal numerique qui est 
formate au moyen de mots de donnees de 16 bits 
echantillonnes a 44,1 kHz sur le premier support 
d'enregistrement (la). 

Appareil d'enregistrement selon la revendication 1, 
2, 3 ou 4, dans lequel ledit second moyen de traite- 
ment de signal d'enregistrement (17) inclut un 
moyen pour enregistrer le signal numerique qui est 
formate au moyen de mots de donnees d'un bit 
echantillonnes a 2,8224 MHz sur le second support 
d'enregistrement (1b). 

Appareil d'enregistrement selon la revendication 5, 
adapte pour enregistrer ledit signal numerique sur 
ledit second support d'enregistrement (1b), com- 
portant une plaque de base presentant uri diametre 
non superieur a 120 millimetres et une epaisseur 
superieure a 0,6 millimetre. 

Appareil d'enregistrement selon la revendication 6, 
pour enregistrer des pistes sur le second support 
d'enregistrement (1b) selon un pas de piste d'ap- 
proxlmativement 0,74 micrometre, selon une capa- 
city d'enregistrement d'information non inferieure a 
4,7 gigaoctets. 

Appareil de reproduction pour rep rod u ire un pre- 
mier signal numerique qui est formate au moyen de 
mots de donnees a multiples bits ou multibits qui 
sont echantil tonnes a une premiere frequence 
d'6chantillonnage (fs) a partlr d'un premier support 
d'enregistrement (1a) et un second signal numeri- 
que qui est formats au moyen de mots de donnees 
d'un bit qui sont echantillonnes a une seconde fre- 
quence d'echantillonnage (64fs) superieure a la 
premiere frequence d'echantillonnage (fs) a parti r 
d'un second support d'enregistrement (1b), 
comprenant : 

une tete de lecture (21) pour reproduce .un si-, 
gnal numerique a partir de Tun des premier et 
second supports d'enregistrement (1 a, 1b) ; 
un premier moyen de decodage (28) pour de- 
coder tes mots de donnees multibits echan- 
tillonnes a la premiere frequence cfechantillon- 
nage (fs) en correspondance avec le premier 
support d'enregistrement (1a) ; 
un second moyen de decodage (29) pour de- 
coder les mots de donnees d'un bit echantillon- 
nes a la seconde frequence d'echantillonnage 
(64fs) en correspondance avec le second sup- 
port d'enregistrement (1b) ; 
un moyen de discrimination (22) pour discrimi- 
ner le premier support d'enregistrement (1 a) et 
le second support d'enregistrement (1b) ; et 
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un moyen de commutation (65) pour commuter 
des signaux de sortie nurneriques en prove- 
nance du premier moyen de decodage (28) et 
du second moyen de decodage (29) conforme- 
ment a un resuttat dudrt moyen de discrimina- 
tion (22). 

9. . Appareil de reproduction selon la revendication 8 S 

comprenant en outre : 

un moyen de sur-echantillonnage (63) pour 
convertir la frequence d'echantillonnage du si- 
gnal de sortie numerique en provenance du 
premier moyen de decodage (28) selon la se- 
conde frequence d'echantillonnage (64fs) ; et 
un moyen de modulation deita-sigma pour con- 
vertir des mots de donnees muftibits qui sont 
echantillonnes a la premiere frequence 
d'echantillonnage (fs) selon des mots de don- 
nees d'un bit qui sont echantillonnes a la se- 
conde frequence d'echantillonnage (64fs). 

10. Appareil de reproduction selon la revendication 8 
ou 9, comprenant en outre : 

un moyen de sous-echantiilonnage pour con- 
vertir la frequence d'echantillonnage du signal de 
sortie numerique en provenance du second moyen 
de decodage (29) selon la premiere frequence 
d'echantillonnage (fs). 

11. Appareil de reproduction selon la revendication 8, 
9 ou 10, dans lequel ledit premier moyen de deco- 
dage (28) decode des signaux en provenance dud it 
premier support d'enreglstrement (1a) qui sont for- 
mates au moyen de mots de donnees de 16 bits 
echantillonnes a 44,1 kHz. 

12. Appareil de reproduction selon la revendication 8, 
9, 10 ou 11, dans lequel ledit second moyen de de- 
codage (29) decode des signaux en provenance 
dudrt second support cfenregistrement (1 b) qui sont 
formates au moyen de mots de donnees d'un bit 
echantillonnes a 2,8224 MHz. 

13. Appareil de reproduction selon la revendication 12, 
adapte pour reproduire ledit second signal numeri- 
que a partir dudit second support d'enregistrement 
(1b), comportant une plaque de base presentant un 
diametre non superieur a 120 millimetres et une 
epaisseursuperieure a 0,6 millimetre. 

14. Appareil de reproduction selon la revendication 13, 
pour reproduire des pistes a partir du second sup- 
port d'enregistrement (1b) qui sont f ormatees selon 
un pas de piste d'approximativement 0,74 microme- 
tre et moyennant une capacite d'enregistrement 
d' information non interieure a 4,7 gigaoctets. 
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15. Appareil de reproduction selon Tune queiconque 
des revendicattons 8 a 14, pour reproduire un sup- 
port d'enregistrement (1 b) sur lequel est enregistre 
un train de donnees cf un bit haute vitesse qui est 
s emis en sortie deputs un convertisseur analog rqu e- 
numerique a modulation detta-stgma a une fre- 
quence d'echantillonnage de n fois 44,1 kHz, ou n 
est un entier. 

10 16. Appareil de reproduction pour reproduire un pre- 
mier signal numerique qui est constitue par des pre- 
miers mots de donnees a multiples bits ou multibits 
qui sont echantillonnes a une premiere frequence 
d'echantillonnage (fs) a partir d'un premier support 
is d'enregistrement (1a) et un second signal numeri- 
que qui est constitu 6 par un second mot de donnees 
a multiples bits ou multibits qui est echantillonne a 
une seconde frequence d'echantillonnage (64fs) 
superieure a la premiere frequence d'echantillonna- 
ge (fs) a partir cfun second support d'enregistre- 
ment (1 b), comprenant : 



un moyen de reproduction (21) pour reproduire 
le signal numerique a partir cfun support pris 
panni le premier support d'enregistrement (1 a) 
et le second support d'enregistrement (1b) ; 
un moyen de discrimination (22) pour discrimir 
ner le premier support d'enregistrement (1 a) et 
le second support d'enregistrement (1 b) ; 
un premier moyen de decodage (28) pour de- 
coder les donnees nurneriques en provenance 
du premier support d'enregistrement (1a) ; 
un second moyen de decodage (29) pour de- 
coder les donnees nurneriques en provenance 
du second support d'enregistrement (1b) ; 
un premier moyen de generation cfhorloge (60) 
pour generer un premier signal d'horloge (CK1 ) 
sur la base d'un signal d'entrainement en rota- 
tion pour le premier support d'enregistrement 
(1a); 

un second moyen de generation d'horloge (61 ) 
pour generer un second signal d'horloge (CK2) r 
sur la base d'un signal d'ent rain erne nt en rota- 
tion pour I e second support d'enregistrement 
(1b); 

un moyen de commutation (62) pour commuter 
les premier et second signaux d'horloge (CK1 , 
CK2) conformement a un resultat du moyen de 
discrimination (22) ; et 

un moyen de rotation (26) pour faire tourner le 
support d'enregistrement (1a, 1b) conforme- 
ment au signal d'horloge qui est emis en sortie 
depuis le moyen de commutation (62). 
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Appareil de reproduction selon la revendication 16, 
comprenant en outre : 

un moyen de conversion de' frequence 
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cfechantillonnage (63) pour convertir un nom- 
bre de bits et une frequence tf echantillonnage 
du signal numerique en provenance du premier 
mo yen de decodage (28) ; et 
un second moyen de commutation (65) pour 5 
commuter le signal de sortie en provenance du 
moyen de conversion de frequence d'echan- 
tillonnage (63) et le signal numerique en prove- 
nance du second moyen da decodage (29). 

w 

1 8. Apparei I de reproduction selon la revendication 16, 
comprenant en outre : 

un second moyen de commutation (65) pour 
commuter le signal de sortie en provenance du pre- 
mier moyen de decodage (28) et le signal de sortie 15 . 
en provenance du second moyen de decodage (29) 
afin de former un signal de lecture qui est emis en 
sortie depute rappareil. 
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FIG. 3 
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FIG. 5 
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FIG. 6 (PRIOR ART) 
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